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CORRESPONDENCE 

GUNTER FISCHER 

At hT:’=hy,--2ns [ u ~ ~ ] ~ , - ~ ~ ~ , + V ? ; ~ ~ - v ~ ~ ~ ] ]  (1) 

‘I‘his scheme is stable if .f=O provided At<&?/(gD)As 
but  unfortunately gives  rise t o  growing solutions if 
rotation  is  involved. (‘Yhe mt~sitnuln eigenvalue  is 
l A m a x 1  =&+ f‘At’), Instability TVW indeed  observed by 
the authors  in a test computation (fig. 2 in [I]) .  

Since  scheme (1) has the great  advantage,  in  contrast 
to  the comn1only used central difference scheme ( ( I  B), 
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Now the  stability condition reads A t < d m &  
whatever  value f has;  then all eigenvalues are exactly 
one in absolute value. Thus scheme (2 )  possesses 
neutral stability. 

A more  symmetric  form of (2 )  is obtained if the  time 
level of h is shifted forward by At/2.  Then for all times 
hy ,  and hrf’ in ( 2 )  have to  be replaced by h::”2 and 

, s j  respectively. As a consequence of this procedure 
each equation is centered in  time  (but is not  identical to 
the  central difference scheme) whereas the  stability 
condition remains  unchanged. 

The scheme ( 2 )  has second order accuracy in At and Ax. 

hWi+3/a 
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Reply 

D. LEE HARRIS and CHESTER P. JELESNIANSKI 

U.S. Weather Bureau, Washington, D.C. 

The comment by Giinter E’ischer on  our  paper is 
appreciated. We did not consider the form proposed 
by his equations (2 )  and  have  not tested them. Judg- 

ing  from the  stability analysis presented by Fischer, we 
believe that his equations (2 )  may be  satisfactory for 
most  problems  actually considered in [l], but  not for 
the problems we  were leading to. 

The  computational  stability conditions which he and 
we have discussed, have been established only for  homo- 
geneous equations, with  constant coefficients and periodic 
or cyclical boundary conditions. Our problem, the 
computation of storm surges on the open coast does not 
satisfy  any of these restrictions. For example, it is 
necessary to consider basins with  depths that  vary con- 
siderably. Thus  the  computational  stability theorems 
can be used only as a guide, whereas the  actual  stability 
must be established by sample calculations. One such 
test is to require that  the energy of the computed flow 
does not grow faster  than energy supplied to  the system. 
This  test could not be readily applied to equations (1) 
since the  mixture of forward and  backward differences 
led to a  phase  lag  between the velocity and height fields; 
that is, to  a phase shift  between the kinetic and potential 
energy. The  result was an oscillation in  the totauenergy. 

This  disadvantage could be eliminated when the period 
of the  disturbance is well known, but we doubt that this 
is true for the types of disturbances we  wish to investigate. 
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